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1
REAL-TIME IDENTIFICATION AND
PROVISION OF PREFERRED FLIGHT
PARAMETERS

BACKGROUND

Current airplanes and other aircraft include systems that
can generate and gather very large amounts of data, in some
cases 40-80 terabytes of data per hour. Multiplying that data
rate for each aircraft of a sizable aircraft fleet, for instance
that of a commercial airline, provides an amount of data that
is very difficult, and likely impossible, to review and process
in any reasonable amount of time. However, airlines cur-
rently allow that data and potentially valuable information to
be gleaned therefrom go to waste because they are not
capable of handling that volume of information.

As technology evolves, airplanes include more complex
computers and systems to improve aspects of the flight, such
as security and efficiency as examples. However, as noted,
the knowledge generated after each flight is effectively lost
when the pilot leaves the plane. It may be the case that for
a same airplane flying in the same conditions along a same
route different flight results may be realized due to the
particular pilots/crew handling the flight. In other words,
pilot experience and knowledge is relevant in flight execu-
tion.

SUMMARY

Shortcomings of the prior art are overcome and additional
advantages are provided through the provision of a com-
puter-implemented method. The method obtains flight data
of aircraft flights and classifies the flight data according to
categories. The method acquires current flight parameters
from devices of an aircraft during an in-process flight. The
method compares the acquired current flight parameters to
the classified flight data and identifies, in real-time during
the in-process flight, and based on thresholds in correlations
between the acquired flight parameters and the classified
flight data, preferred action(s) to take and preferred flight
parameter value(s) for the in-process flight given current
conditions of the aircraft and surrounding environment as
reflected by the acquired current flight parameters. The
method also provides the preferred flight parameter values to
computer system(s) of the aircraft.

Further, a computer system is provided that includes a
memory and a processor in communication with the
memory, where the computer system is configured to per-
form a method. The method obtains flight data of aircraft
flights and classifies the flight data according to categories.
The method acquires current flight parameters from devices
of an aircraft during an in-process flight. The method
compares the acquired current flight parameters to the
classified flight data and identifies, in real-time during the
in-process flight, and based on thresholds in correlations
between the acquired flight parameters and the classified
flight data, preferred action(s) to take and preferred flight
parameter value(s) for the in-process flight given current
conditions of the aircraft and surrounding environment as
reflected by the acquired current flight parameters. The
method also provides the preferred flight parameter values to
computer system(s) of the aircraft.

Yet further, a computer program product including a
computer readable storage medium readable by at least one
processor and storing instructions for execution by the at
least one processor is provided for performing a method.
The method obtains flight data of aircraft flights and clas-
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sifies the flight data according to categories. The method
acquires current flight parameters from devices of an aircraft
during an in-process flight. The method compares the
acquired current flight parameters to the classified flight data
and identifies, in real-time during the in-process flight, and
based on thresholds in correlations between the acquired
flight parameters and the classified flight data, preferred
action(s) to take and preferred flight parameter value(s) for
the in-process flight given current conditions of the aircraft
and surrounding environment as reflected by the acquired
current flight parameters. The method also provides the
preferred flight parameter values to computer system(s) of
the aircraft.

Additional features and advantages are realized through
the concepts described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects described herein are particularly pointed out and
distinctly claimed as examples in the claims at the conclu-
sion of the specification. The foregoing and other objects,
features, and advantages of the invention are apparent from
the following detailed description taken in conjunction with
the accompanying drawings in which:

FIG. 1 depicts an example environment to incorporate
and/or use aspects described herein;

FIG. 2 depicts an example conceptual architectural dia-
gram showing components for capture and distribution of
experience and knowledge based on prior flights, in accor-
dance with aspects described herein;

FIG. 3 depicts an example conceptual overview of infor-
mation sharing in the capture and distribution of experience
and knowledge based on prior flights, in accordance with
aspects described herein;

FIG. 4 depicts an example process for real-time identifi-
cation and provision of preferred flight parameters, in accor-
dance with aspects described herein;

FIG. 5 depicts one example of a computer system and
associated devices to incorporate and/or use aspects
described herein;

FIG. 6 depicts a cloud computing environment according
to an embodiment of the present invention; and

FIG. 7 depicts abstraction model layers according to an
embodiment of the present invention.

DETAILED DESCRIPTION

Described herein are facilities that capture best practices
used by experienced pilots in given conditions and share that
information in real time to other pilots to enhance security,
fuel efficiency, and other aspects across flights of other
aircraft. Also provided are ways to leverage the data gen-
erated during flights in order to determine best actions/
reactions in emergency situations experienced during in-
process flights. Aspects are facilitated using cognitive
technology that integrates analytics capabilities to leverage
the gathered data into useful information while learning over
time. Though examples described herein may be presented
in the context of airplanes (one type of aircraft) it is
understood that aspects described herein have a broader
application, for instance to any type of aircraft.

Industrial internet and computer capabilities enable air-
planes and other aircraft to perform at least some onboard
analysis and/or sharing of gathered flight data to cloud-based
or other terrestrial computer facilities. This is in contrast to
merely gathering the data and waiting until the aircraft lands
on the ground to harvest and review it. Real-time monitor-
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ing, robust compute power to support all of the on-board
sensors, and other capabilities are available.

Current approaches for handling flight data have several
disadvantages. They are susceptible to loss or corruption of
data, they typically require dedicated experienced resources
to process and analyze the data, the processing and analysis
takes a significant amount of time and resources and there-
fore the information gleaned is obtained long after the
source data was gathered, they apply limited processing
capabilities for big data applications, there is a lack of
automation between main components of a system such as
the inputs (e.g. aircraft sensors), human analysis of the data,
and the outputs (knowledge gleaned), and there is a lack of,
or inefficient distribution of, any useful knowledge gleaned.

Presented herein is the use of a cognitive engine that
processes flight data in real-time and creates a knowledge
database with relevant, useful flight practice information,
rather than merely a set of big data that by itself fails to
inform of any viable real-time applicability. A useful anal-
ogy is to the familiar DIKW pyramid and knowledge hier-
archy, representing the relationship between ‘data’ at the
bottom of the pyramid, ‘information’ above that, ‘knowl-
edge’, and ‘wisdom’ at the top of the pyramid. In the present
context, raw data may be analyzed to acquire the informa-
tion, which is analyzed to create knowledge and best prac-
tices for aircraft flight parameters in given situations. A
real-time aspect may be significant because of its applica-
bility to in-process flights, i.e. to provide recommendations
during a flight to proactively address an undesired situation,
rather than a post-hoc analysis of the undesired situation
only after it has been experienced.

Aspects described herein can provide real-time sugges-
tions to the aircraft crew (pilot(s) and/or other personnel)
leveraging a database of best practices created based on the
experience of pilots, sensor information, previous actions in
similar situations, and other items. Real-time suggestions
may be with regard to flight parameters (speed, direction,
path, and any other parameters including pilot actions,
maneuvers, and so on). For instance, parameters that are
found to result in fuel saving for the aircraft given current
flight parameters may be provided as suggested preferred
flight parameters.

FIG. 1 depicts an example environment to incorporate
and/or use aspects described herein, such as an environment
in which a cognitive system is leveraged in the capture and
distribution of experience and knowledge. Airplane 102 is in
communication with cognitive system backend server(s)
106 via network(s) 108. In practice, airplane 102 includes
components such as sensors, computer systems, or the like
that communicate with components of network(s) 108.

Cognitive system backend server(s) 106 are computer
systems and associated modules that provide a backend to a
cognitive system described herein. The cognitive system
backend provides a robust cognitive processing and analysis
engine that may sit remote from other components, such as
those of the airplanes and associated components that pro-
vide data to the cognitive system and/or leverage its capa-
bilities in providing guidance for flight scenarios. An
example cognitive system backend is the IBM Watson line
of offerings from International Business Machines Corpo-
ration, Armonk, N.Y., U.S.A. Thus, in some examples, this
backend is provided as a cloud service hosted on a cloud
platform.

Airplane 102 and cognitive system backend 106 are in
communication with, and communicate via, one or more
intervening networks 108 over wired and/or wireless com-
munication links 110, such as wired and/or cellular, satellite,
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4

Wi-Fi, or other types of wireless connections. More gener-
ally, communication links 110 may be any appropriate
wireless and/or wired communication link(s) for communi-
cating data.

FIG. 2 depicts an example conceptual architectural dia-
gram showing components for capture and distribution of
experience and knowledge based on prior flights, in accor-
dance with aspects described herein. Components of FIG. 2
are implemented in some examples as software, hardware,
or a combination of the two. Two or more components may
be implemented by a single entity, such as a single computer
system if desired. In general, the components of FIG. 2 may
be distributed as one or more computers and associated
storage components across one or more airplanes and a
cloud facility or other ground facility. Arrows between
components of FIG. 2 represent data communication paths
for the communication of data therebetween. Example data
communication paths include memory, network and/or com-
puter bus connections.

Cognitive system/engine 212 includes various compo-
nents described below. In some examples, one or more
components of cognitive system 212 may be loaded on the
airplane, enabling a level of onboard analysis of data and
information. This may be employed in some cases where the
potential for delays or data corruption resulting from data
transmission are a concern. In other examples, such as those
where it is impractical to supply the needed computational
resources onboard the airplane, components of the cognitive
system are provided by one or more facilities remote from
the airplane.

External system inputs 214 may be sensors and/or com-
puter systems of airplanes and the components of cognitive
system 212 may be hosted at a cloud or other facility on the
ground, though in other examples, one or more components
of cognitive system 212 are loaded on the airplanes instead
of being co-located with the other components of the cog-
nitive system.

External system inputs 214 refer to inputs that are
received by the cognitive system 212 and/or the systems
providing such inputs. These include, for example and not
limited to, airplane sensors, indications of pilot actions,
flight plans, airplane computer systems, inputs from airplane
crews, and data from ground stations. It is noted that these
inputs may include systems that interpret sensor values into
more readable or practical values (e.g. via parsing, organiz-
ing, etc.). Though in some examples pure sensor data may be
an input, generally pure sensor data may not be very
manageable. Some systems on airplanes can processes the
acquired sensor data into useful information that is input to
cognitive system 212.

Fight data, for example in the form of flight parameters,
of aircraft flights is obtained from the external system inputs.
This is obtained on an ongoing basis as airplane flights are
in-process. In-process refers to an ongoing flight, which may
encompass the airborne portion of a flight as well activities
while on the ground. Thus, flight parameters of current
in-process flights are acquired from devices of the airplanes
during in-process flights. Flight parameters include values or
properties of a flight of an actual aircraft during a flight
thereof. Examples of flight parameters are values/indications
for speed, altitude, and other characteristics of the move-
ment of the aircraft, control values of specific controls of the
aircraft, a flight plan, indications of pilot actions, and so
forth. These are obtained from devices of the aircraft, such
as aircraft sensors and/or one or more aircraft computer
systems. Some parameters may be inputs made by a crew
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member and indicated to a computer system of the aircraft
and then provided to the cognitive system.

In some aspects, data from the external system inputs 214
are input to the data classification module 216. This module
can handle classification of the ‘big data’ from aircrafts, the
classification being to facilitate better handling. Classifica-
tion can include data grouping, categorizing, tagging or the
like for the purpose of easier data mining, for example. The
classification may classify the flight data according to one or
more categories, examples of which include sensor type,
airplane type, flight route, weather, and pilot actions, as
examples. Pilot actions may be useful for learning effective
and ineffective strategies for handling emergency situations,
to enable identification of safe and effective actions to take
in given emergency situations.

Classified data is provided in some aspects to data pro-
cessing module 218, which can process the data by saving
relevant information into the knowledge database 222. What
is relevant may be dictated by user configuration and/or
machine learning, as examples. For instance, an altimeter
(an example sensor) may provide a data point representing
altitude every 1 second. If altitude remains the same for a
relatively long time, say 10 minutes, data processing module
may process the altitude data for the 10 minutes (600 data
points) down to some minimal indication, ‘altitude=X from
14:37.00-14:47.00’. Example data processing includes sort-
ing and consolidating the classified data.

Data processing module 218 can also save other useful
data to an archive database 220. Particular airlines, system
administrators, governmental organizations, or other stake-
holders may desire to save arbitrary data or other informa-
tion that is gathered by the cognitive system. The data may
be used by an airline for business purposes, for instance to
track fuel efficiency by pilot in order to award incentives to
fuel-efficient pilots. Thus, at least some flight data may be
saved/stored/archived to a prespecified database. This may
be based on any desired parameters. As examples, precon-
figured parameters may be specified by an airline or other
entity for desired archiving activities. Suggestions for which
flight data to archive may also be presented by the cognitive
engine for instance based on its machine learning, the
suggestions being ones that the cognitive system ascertains
may be helpful or useful aside from its other objective of
identifying preferred flight parameters.

Data is continually collected during flights and therefore
includes data collected before, during, and after actions
taken by crew members. It also reflects flight parameters
experienced in both desirable and undesirable situations.
The cognitive engine can therefore process the flight data of
aircraft flights to build the knowledge database with infor-
mation that is useful, for instance informing of desired or
preferred actions and/or preferred flight parameters in dif-
ferent flight scenarios. If an outcome of a situation was
undesirable—a rough landing, abnormal amount of fuel
consumption, or poor pilot negotiation of encountered tur-
bulence, as examples—the processed data can reflect this to
inform of flight parameters and/or pilot actions that should
be avoided in the same or similar situations. Conversely, if
a particular flight experiences exceptionally low fuel con-
sumption based on an unconventional flight plan, the data
will reflect this and the cognitive system can identify a
correlation between those conditions (flight plan, particular
aircraft, weather conditions, etc.) and the resulting efficient
fuel consumption.

The knowledge database 222 stores the information
informing of preferred actions and flight parameters in
different flight scenarios, and can do so with any desired
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granularity. For example, the information could correspond
to a particular airline or any collection of airlines, a single
airplane model or particular airplane models, and so forth. In
this manner, the data is gathered and analyzed, knowledge is
attained and stored, sorted, or confined to a particular
granularity to which it applies. A best practice for one model
airplane may not be applicable to another model airplane.
Knowledge from flights of one airline may be inaccessible
to other airlines unless shared, for instance. However, in a
particular embodiment, the cognitive system and knowledge
database is made available to any entity that desires it. A
third party may maintain the cognitive system and knowl-
edge thereof may be made available to customers (e.g.
airlines) that desire the information, for instance.

Accordingly, the cognitive system can maintain preferred
flight parameter values indicative of best practices based on
sensor information and the experience and prior actions of
pilots during prior-experienced flight scenarios. In some
aspects, expert or experienced users may add additional
knowledge (e.g. best practices) items to a database. By way
of specific example, aircraft manufacturers, users, servicers,
or the like may contribute additional best practices to the
system.

The knowledge generated by the system could be used to
feed other systems, such as flight simulator software and/or
airline’s autopilot features, to convey pilot best practices
based on real events. Indications of preferred actions to take
and preferred flight parameter values may be provided to
flight simulator software or to control autopilot features to
indicate pilot best practices to take during simulated flight
scenarios.

Smart engine 224 can obtain flight data from any of a
variety of components, for instance the data processing
module 218, classification module 216 or external system
inputs themselves. Data that has been classified/cleaned may
be more immediately useful to the smart engine, though it
may be worthwhile for the smart engine to have access to the
external systems to obtain raw data therefrom if data is
missing or is needed for deeper processing. The knowledge
database 222 can also provide useful information used by
the smart engine 224 in its processing, as the knowledge
database stores the ‘scenario data’ of flights, including one
or more in-process flights. In one particular scenario, the
smart engine is loaded on a computer system of the aircraft
and data from the knowledge database is streamed to it from
the cloud.

One role of the smart engine is to check actual data
incoming for an in-process flight against the information in
the knowledge database to look for coincidences or simi-
larities between the in-process flight and prior flights for
which knowledge has been acquired. This is performed in
real-time, i.e. during an in-process flight.

In one aspect, flight parameter values in the knowledge
database have weights assigned to them depending on their
relevance. Acquired current flight parameters (e.g. param-
eter values) of the in-process flight cam be compared to
these weighted flight parameter values in the knowledge
database to identify matches. Tolerance levels can be set to
dictate what constitutes a match between values. For
instance, an acquired flight parameter value of a given
parameter (say aircraft speed) may be considered a match to
a weight flight parameter value in the knowledge database if
the two values are within some number of units (15 knots)
or vary within some percentage (15%) of each other. There
is therefore a correlation performed of the acquired current
flight parameters to the weighted flight parameter values in
the knowledge database. Then, weights are established for
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the acquired current flight parameters based on the weights
of the correlated weighted flight parameter values in the
knowledge database. The weights of the current flight
parameters are reduced, proportionally in some examples, if
the acquired current flight parameter is not the same as the
matched flight parameter.

An approach is presented for determining whether current
conditions being experienced by an in-process flight corre-
late to preferred flight actions/parameters that may be sug-
gested. In this approach, the weights of the current flight
parameters are aggregated (e.g. summed) and if the total
meets or exceeds a threshold, the system will trigger an alert
to the notification module 226. In situations where there are
multiple parameters or parameter sets that exceed respective
threshold(s), there may be a relevancy associated with them
and their correlated flight actions/parameters, which may be
presented sorted by relevance.

Thus, there is a comparison of current flight data/param-
eters with values in the knowledge database to identify
matches. The values in the knowledge database are
weighted, and those weights are scaled by some factor when
assigning weights to the acquired flight parameter values.
The scaling may depend on how close the matching current
flight data value is to the value in the knowledge database.
Then there is a determination of whether the weights of the
weighted acquired current flight parameters exceed thresh-
0ld(s) in correlating those acquired current flight parameters
to the flight parameter values in the knowledge database.
Exceeding a threshold indicates that the situation being
currently experienced correlates to one that has been indi-
cated in the knowledge database. Accordingly, preferred
actions and preferred flight parameters may be identified and
preferred flight parameter values provided based on the
weighted acquired current flight parameters exceeding such
threshold(s).

The thresholds can be set in any desired manner. User/
admin input in the form of configuration information of the
configuration database 228 is one example. Thresholds can
also have different granularities of applicability—for
example they may be airline-specific or airplane-model
specific, as examples. They may also be specific to indi-
vidual pilots or classification of pilots (beginner, novice,
expert). Thresholds may be selected based on type of flight,
type of aircraft, a type of route, and/or any other parameter.

Configuration database 228 can also house settings for
users like expert or experienced users to adjust the weights
of the flight parameter values in the knowledge database.
Other settings, such as maximums, minimums, and baselines
settings for values in the knowledge database can also be
stored in the configuration database.

By way of specific example to illustrate, assume actual
data (current flight parameters of an aircraft during an
in-process flight) are the following:

Wind Speed: 200 km/h;

Aircraft weight: 114 Tons;

Aircraft type: A320;

Route: LA-SJO;

and assume that information in the knowledge database
includes the following, with weights indicated in parenthe-
ses:

Wind Speed: 200 km/h (4);

Aircraft weight: 110 Tons (8);

Aircraft type: : A320 (6);

Route: LA -MIA-SJO (8)

Assume the following weights are assigned to the current
flight parameters based on the weights of the information in
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the knowledge database and on a scaling factor for scaling
the weights assigned to the current flight parameters:

Current wind speed—weight points: 4 out of 4, because
current wind speed is identical to the wind speed in the
database;

Aircraft weight—weight points: 6 out of 8 because cur-
rent aircraft weight is 114 tons, heavier than the 110 tons of
the value in the database;

Aircraft type—weight points: 6 out of 6 because current
aircraft type is the same as aircraft type in the database;

Route—Weight points: 7 out of 8 because the current
court includes an additional stop (MIA).

A total coincidence score is the sum of the weights of the
current flight parameters, here 23 points because 4+6+6+
7=23.

Assume the established threshold for this correlation is 20
points. The coincidence score of 23 meets or exceeds the
establish threshold of 20. Therefore, an alert may be trig-
gered with recommendations gleaned from the information
in the knowledge database, for instance preferred actions/
flight parameters associated with the scenario in the knowl-
edge database represented by the flight parameters above.

As noted, recommendations may be to avoid a potentially
undesirable situation or pursue a more desirable situation
(e.g. lower fuel consumption). The recommendations can be
ascertained based how/whether pilot actions and/or flight
parameters of those prior flights, as ascertained from the
gathered data and information stored in the knowledge
database, resulted in desirable or undesirable outcomes.
Whether particular outcomes, conditions, or parameter val-
ues are desirable or undesirable can be indicated in any of
several ways. They may be based on administrator input to
indicate desirable or undesirable situations, values, out-
comes, etc. They could additionally or alternatively be
learned by the cognitive system. For instance, the system
could learn that particular maneuvers, altitude changes, or
any other information gleaned from flight parameters are not
good because they result in undesired outcomes. In this
regard, there may be a re-train process of the system. If a
pilot applies a suggestion and the result is unfavorable, the
cognitive system will “learn” from that experience and may
decrease the points, weight or applicability of the recom-
mendation to that scenario.

Processing can compare acquired current flight param-
eters to the classified flight data and identify, in real-time
during the in-process flight, and based on threshold(s) in
correlations between the acquired flight parameters and the
classified flight data, preferred action(s) to take and pre-
ferred flight parameter value(s) for the in-process flight
given current conditions of the aircraft and surrounding
environment as reflected by the acquired current flight
parameters. The comparison noted constitutes a comparison
of the situations (current vs. prior experienced) based on
weight values assigned, to determine whether the situations
are ‘close’, as dictated by the threshold. In some embodi-
ments, the preferred actions to take may be adjustments to
parameters (altitude, speed, etc.) of the aircraft and the
preferred flight parameter values may be the indications of
the where to set those parameters. It is understood that many
flight parameters may be within the control of the pilots or
crew, who may manually (or cause a computer to automati-
cally) adjust the parameters. The preferred flight parameter
values can indicate pilot/crew actions in controlling the
aircraft.

In this manner, comparing the acquired current flight
parameters to the classified flight data compares the acquired
current flight parameters against the information in the
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knowledge database for similarities (e.g. proximity in value)
between the current flight parameters and those of flight
scenarios reflected in the knowledge database information,
to identify the preferred flight parameter values for the
in-process flight.

In another embodiment, a pilot or other user can make
ad-hoc requests for the cognitive system to look for sug-
gestions based on a current situation. As part of the cognitive
system’s ongoing processing, it may be continually looking
for opportunities to suggest preferred actions and flight
parameters to in-process flights. However, some situations
that may reflect an obvious emergency to flight personnel
may not be automatically detected as an issue by the
cognitive system. Ad-hoc or on-demand requests in such
situations can drive the system to consider the set of con-
ditions in situations that are not necessary observed or
recognized by the system as emergencies. The cognitive
system can look into the knowledge database for any situ-
ations that have similar parameters. In some examples, it
may disregard its standard thresholds and use a different set
of thresholds that are configured to allow more leeway in
finding comparable prior situations. If the system identifies
similar prior situations, it may provide recommendations as
described above. For instance, it may look for pilot actions
in similar situations with positive or successtul results, and
present those actions as suggestions to the pilot of the
in-process flight. Additionally or alternatively, the ad-hoc
requests can serve as a selection by the pilot/crew to record
the actions performed by a pilot in the given situation (such
as a pilot-recognized emergency) for further replication. As
noted, the cognitive system may not always know that a
given situation was/is an emergency and thus the actions
performed by the pilot may not be recorded as a best
practice. Enabling ad-hoc requests as above may dictate to
the system that the actions to be performed in the situation
should be observed and potentially analyzed/stored to
inform best practices in subsequent flights.

The above ad-hoc approach may be particularly useful in
providing guidance or recommendations in emergency situ-
ations to less experienced pilots.

The cognitive system can record pilot actions in the form
of recorded flight data for identified emergency situations.
At least some of the flight data processed by the system to
help build the knowledge database includes these recorded
pilot actions and, in some cases, the preferred actions
include the recorded pilot actions that were identified as
leading to successful or best-case outcomes.

Continuing with the description of FIG. 2, the notification
module 226 is responsible for displaying/send notifications
to pilots/crew members, as triggered by the smart engine
224. Thus, the notification module provides the preferred
flight parameter values to the aircraft during the in-process
flight, and specifically to one or more computer systems or
other devices of the aircraft. In some embodiments, the
preferred flight parameter values may be prioritized, sorted
by importance, or arranged by applicability to the crew of
the aircraft. In this latter regard, suggested parameters or
actions may be intended for selection/implementation by
different crew members depending on the controls or
devices under their purview. Additionally or alternatively, in
some embodiments the notification module can also pro-
vide/display data in a remote location, such as a ground
facility of the airline (like headquarters) or air control
towers, to provide indications to others outside of the flight
personnel who may be interested in knowing the data
provided by the cognitive system to the in-process flight.
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The notifications are sent to the aircraft, e.g. a computer
system thereof and preferably in real-time so that corrections
or adjustments can be made. In some embodiments, some
adjustments are made automatically, e.g. by a controller or
computer system of the aircraft. Ultimately the pilot(s) may
have authoritative control over any and all adjustments made
based on the preferred or suggested flight parameter values.
In particular embodiments, implementation of adjustment(s)
may be performed based on the presentation of the preferred
flight parameter values to the crew and one or more crew
members selecting/confirming that the adjustment(s) are to
be implemented.

Thus, there may be an implementation of adjustment(s) to
one or more devices of the aircraft to achieve one or more
of the received preferred flight parameter values. In other
words, there may be some level of control that the crew
exhibits over some flight parameter values of the in-process
flight. The control may be realized by making adjustments to
devices of the aircraft. By way of example, the angle of
attack of the wing flaps may be controlled by the pilot and
a received preferred parameter value might indicate a larger
angle than a current angle of attack. An adjustment may be
made to the wing flaps by way of an adjustment to the
controller thereof In some situations, recommended actions
or parameter values may serve to control aircraft control
system automatically, i.e. without manual implementation,
confirmation, or invocation by flight personnel.

The feedback module 232 allows administrator/user input
to the system in order to improve (curate) the data and
enhance the system and results. Example input includes
admin/user specifications or tagging of positive and negative
scenarios and outcomes into the knowledge database. In
some aspects, the input may create baselines that the cog-
nitive system uses to learn and then refine over time based
on machine learning.

The analytics engine 230 can invoke analytics and gen-
eration of reports as configured by users.

The configuration database 228 can store the relevant
configuration settings of the cognitive system. Weights,
thresholds, location (in-air vs. on ground) of software com-
ponents of the cognitive engine, and any other settings can
be configured in this database. Settings can have differing
granularities in terms of their applicability. For instance as
described previously, different configuration settings may be
provided for different airlines or different aircraft, as
examples.

FIG. 3 depicts an example conceptual overview of infor-
mation sharing in the capture and distribution of experience
and knowledge based on prior flights, in accordance with
aspects described herein. Many of the aspects depicted in
FIG. 3 have been described previously. Knowledge and
information in the form of data are exchanged between the
cognitive system 312 and pilots/users 336. For instance, the
cognitive system gathers flight data that includes parameter
values and pilot actions for various scenarios. The cognitive
system leverages the data collection of onboard sensors and
other external system inputs 314 to acquire data. Outputs of
the cognitive system flow to ground facilities 334, e.g. air
traffic control stations, cloud computing facilities, data cen-
ters or the like. Meanwhile, information flows to airplanes
302 in the form of recommended preferred flight parameter
values for possible adjustments of in-process flights to
achieve desired positive outcomes.

Aspects described herein can improve safety, threat
response, and possibility of positive outcomes in emergency
situations by way of real-time suggestions, reduce risk based
on human errors, enable the sharing of expertise between
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airline personnel, provide support to the personnel crew in
case of communication issues with ground stations (e.g. in
cases where components of the cognitive system are
onboard), leverage real-time information by ground opera-
tions to improve their estimations and plans, and save
storage resources by storing relevant information, as
opposed to the entire collection of gathered raw data, that
can be potentially of use in the future.

Aspects can provide real-time recommendations based on
current conditions of an in-process flight and the surround-
ing environment, create a cognitive knowledge database of
best practices based on real situations faced by pilots, share
knowledge and best practices between pilots, and record
helpful pilot actions in emergency situations, which actions
can be shared and replicated by less experienced users.

Accordingly, data is fed to a cognitive engine to create
knowledge that can be distributed between key players to
help decision-making for in-process flights. Aspects differ
from approaches of merely sending gathered information for
offline processing. Sensor and other flight data is trans-
formed into information and knowledge with the use of a
cognitive system, then applied to further flight scenarios in
real-time for live guidance.

FIG. 4 depicts an example process for real-time identifi-
cation and provision of preferred flight parameters, in accor-
dance with aspects described herein. In some examples, the
process is performed by one or more computer systems, such
as those described herein, which may include one or more
computer systems of an aircraft, one or more cloud servers,
and/or one or more other computer systems.

The process begins by obtaining flight data of a plurality
of aircraft flights and classifying the flight data according to
a plurality of categories (402). In some examples, the
classifying according to the plurality of categories classifies
by one or more of the following: sensor type, aircraft model,
flight route, weather, and pilot actions.

The process continues by processing the flight data of the
plurality of aircraft flights by a cognitive engine (404) to
build a knowledge database having information informing of
a plurality of preferred actions and preferred flight param-
eters in a plurality of flight scenarios. In some aspects, this
processes the classified data to discard data values of the
obtained flight data and obtain the knowledge database
information. In some embodiments, at least some flight
data—yperhaps some that would otherwise be discarded—is
archived to a prespecified database. This archiving feature
may be based on a plurality of parameters, for instance
preconfigured parameters for desired archiving activities.
Additionally or alternatively, at least some of the flight data
may be archived based on suggestions presented by the
cognitive engine to an administrator or other user, the
suggestions being ones that the cognitive system ascertains
may be helpful or useful aside from the identification of
preferred flight parameters.

The process also assigns weights to flight parameter
values of the information in the knowledge database (406)
and acquires current flight parameters from a plurality of
devices of an aircraft during an in-process flight (408). The
plurality of devices of the aircraft include, as examples,
sensors and aircraft computer system(s). The process corre-
lates the acquired current flight parameters to the weighted
flight parameter values in the knowledge database and also
establishes weights for the acquired current flight parameters
based on the weights of the correlated weighted flight
parameter values in the knowledge database (410). In some
aspects, configuration settings are provided (for instance
by/in the configuration database) for expert users to adjust
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the weights and any baseline settings for values in the
knowledge database, as desired.

The process compares the acquired current flight param-
eters to the classified flight data and identifies, in real-time
during the in-process flight, and based on thresholds in
correlations between the acquired flight parameters and the
classified flight data, one or more preferred actions to take
and preferred flight parameter values for the in-process flight
given current conditions of the aircraft and surrounding
environment as reflected by the acquired current flight
parameters (412). The preferred flight parameter values may
be indicative of best practices based on the experience and
prior actions of pilots, and on sensor information, during
prior-experienced flight scenarios. Additionally, the pre-
ferred flight parameter values may indicate pilot actions in
controlling the aircraft.

Comparing the acquired current flight parameters to the
classified flight data can compare the acquired current flight
parameters against the information in the knowledge data-
base for similarities between the current flight parameters
and flight scenarios reflected in the information, for example
to identify the preferred flight parameter values for the
in-process flight.

In some aspects, a determination is made about whether
the weights of the weighted acquired current flight param-
eters exceed one or more thresholds in correlating the
acquired current flight parameters to the flight parameter
values in the knowledge database. The identification of the
preferred actions and preferred flight parameters and the
providing the preferred flight parameter values may be
performed based on the weighted acquired current flight
parameters exceeding the one or more thresholds.
Threshold(s) may be selected based on type of flight, type of
aircraft, and/or type of route, as examples.

The method provides the preferred flight parameter values
to one or more computer systems of the aircraft (414). As an
example, the method presents the preferred flight parameter
values sorted by importance and applicability to a crew of
the aircraft. The process then implements one or more
adjustments to a respective one or more devices of the
aircraft, for instance to achieve at least one of the preferred
flight parameter values (416). In some embodiments, the
implementation of any adjustment(s) to device(s) to achieve
preferred flight parameters may be made based on affirma-
tive confirmation from crew members, if desired. For
instance, the implementing of the adjustment(s) (416) may
be performed based the presentation (414) of the preferred
flight parameters and on receiving a selection from one or
more such crew members to implement the adjustment(s).

In addition to the above, aspects can record pilot actions
in emergency situations in the form of recorded flight data.
Some of the processed flight data can therefore include the
recorded pilot actions and at least some of the preferred
actions can include the recorded pilot actions.

As an enhancement, indications of the one or more
preferred actions to take and the preferred flight parameter
values may be provided to flight simulator software to
indicate pilot best practices to take during simulated flight
scenarios.

Although various examples are provided, variations are
possible without departing from a spirit of the claimed
aspects.

Processes described herein may be performed singly or
collectively by one or more computer systems, such as one
or more computer systems of a cognitive system, one or
more computer systems of aircraft, and/or a combination of
the foregoing, as examples. FIG. 5 depicts one example of
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such a computer system and associated devices to incorpo-
rate and/or use aspects described herein. A computer system
may also be referred to herein as a data processing device/
system, computing device/system/node, or simply a com-
puter. The computer system may be based on one or more of
various system architectures and/or instruction set architec-
tures, such as those offered by International Business
Machines Corporation (Armonk, N.Y., USA), Intel Corpo-
ration (Santa Clara, Calif.,, USA) or ARM Holdings plc
(Cambridge, England, United Kingdom), as examples.

FIG. 5 shows a computer system 500 in communication
with external device(s) 512. Computer system 500 includes
one or more processor(s) 502, for instance central processing
unit(s) (CPUs). A processor can include functional compo-
nents used in the execution of instructions, such as func-
tional components to fetch program instructions from loca-
tions such as cache or main memory, decode program
instructions, and execute program instructions, access
memory for instruction execution, and write results of the
executed instructions. A processor 502 can also include
register(s) to be used by one or more of the functional
components. Computer system 500 also includes memory
504, input/output (I/O) devices 508, and I/O interfaces 510,
which may be coupled to processor(s) 502 and each other via
one or more buses and/or other connections. Bus connec-
tions represent one or more of any of several types of bus
structures, including a memory bus or memory controller, a
peripheral bus, an accelerated graphics port, and a processor
or local bus using any of a variety of bus architectures. By
way of example, and not limitation, such architectures
include the Industry Standard Architecture (ISA), the Micro
Channel Architecture (MCA), the Enhanced ISA (EISA), the
Video Electronics Standards Association (VESA) local bus,
and the Peripheral Component Interconnect (PCI).

Memory 504 can be or include main or system memory
(e.g. Random Access Memory) used in the execution of
program instructions, storage device(s) such as hard
drive(s), flash media, or optical media as examples, and/or
cache memory, as examples. Memory 504 can include, for
instance, a cache, such as a shared cache, which may be
coupled to local caches (examples include L1 cache, [.2
cache, etc.) of processor(s) 502. Additionally, memory 504
may be or include at least one computer program product
having a set (e.g., at least one) of program modules, instruc-
tions, code or the like that is/are configured to carry out
functions of embodiments described herein when executed
by one or more processors.

Memory 504 can store an operating system 505 and other
computer programs 506, such as one or more computer
programs/applications that execute to perform aspects
described herein. Specifically, programs/applications can
include computer readable program instructions that may be
configured to carry out functions of embodiments of aspects
described herein.

Examples of /O devices 508 include but are not limited
to microphones, speakers, Global Positioning System (GPS)
devices, cameras, lights, accelerometers, gyroscopes, mag-
netometers, sensor devices configured to sense light, prox-
imity, heart rate, body and/or ambient temperature, blood
pressure, and/or skin resistance, and activity monitors. An
1/0 device may be incorporated into the computer system as
shown, though in some embodiments an I/O device may be
regarded as an external device (512) coupled to the com-
puter system through one or more 1/O interfaces 510.

Computer system 500 may communicate with one or
more external devices 512 via one or more I/O interfaces
510. Example external devices include a keyboard, a point-

25

35

40

45

14

ing device, a display, and/or any other devices that enable a
user to interact with computer system 500. Other example
external devices include any device that enables computer
system 500 to communicate with one or more other com-
puting systems or peripheral devices such as a printer. A
network interface/adapter is an example I/O interface that
enables computer system 500 to communicate with one or
more networks, such as a local area network (LAN), a
general wide area network (WAN), and/or a public network
(e.g., the Internet), providing communication with other
computing devices or systems, storage devices, or the like.
Ethernet-based (such as Wi-Fi) interfaces and Bluetooth®
adapters are just examples of the currently available types of
network adapters used in computer systems (BLUETOOTH
is a registered trademark of Bluetooth SIG, Inc., Kirkland,
Wash., U.S.A).

The communication between I/O interfaces 510 and exter-
nal devices 512 can occur across wired and/or wireless
communications link(s) 511, such as Ethernet-based wired
or wireless connections. Example wireless connections
include cellular, Wi-Fi, Bluetooth®, proximity-based, near-
field, or other types of wireless connections. More generally,
communications link(s) 511 may be any appropriate wireless
and/or wired communication link(s) for communicating
data.

Particular external device(s) 512 may include one or more
data storage devices, which may store one or more pro-
grams, one or more computer readable program instructions,
and/or data, etc. Computer system 500 may include and/or
be coupled to and in communication with (e.g. as an external
device of the computer system) removable/non-removable,
volatile/non-volatile computer system storage media. For
example, it may include and/or be coupled to a non-remov-
able, non-volatile magnetic media (typically called a “hard
drive”), a magnetic disk drive for reading from and writing
to a removable, non-volatile magnetic disk (e.g., a “floppy
disk™), and/or an optical disk drive for reading from or
writing to a removable, non-volatile optical disk, such as a
CD-ROM, DVD-ROM or other optical media.

Computer system 500 may be operational with numerous
other general purpose or special purpose computing system
environments or configurations. Computer system 500 may
take any of various forms, well-known examples of which
include, but are not limited to, personal computer (PC)
system(s), server computer system(s), such as messaging
server(s), thin client(s), thick client(s), workstation(s), lap-
top(s), handheld device(s), mobile device(s)/computer(s)
such as smartphone(s), tablet(s), and wearable device(s),
multiprocessor system(s), microprocessor-based system(s),
telephony device(s), network appliance(s) (such as edge
appliance(s)), virtualization device(s), storage controller(s),
set top box(es), programmable consumer electronic(s), net-
work PC(s), minicomputer system(s), mainframe computer
system(s), and distributed cloud computing environment(s)
that include any of the above systems or devices, and the
like.

Aspects described herein may be incorporated into and/or
use a cloud computing environment. It is to be understood
that although this disclosure includes a detailed description
on cloud computing, implementation of the teachings recited
herein are not limited to a cloud computing environment.
Rather, embodiments of the present invention are capable of
being implemented in conjunction with any other type of
computing environment now known or later developed.

Cloud computing is a model of service delivery for
enabling convenient, on-demand network access to a shared
pool of configurable computing resources (e.g. networks,
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network bandwidth, servers, processing, memory, storage,
applications, virtual machines, and services) that can be
rapidly provisioned and released with minimal management
effort or interaction with a provider of the service. This cloud
model may include at least five characteristics, at least three
service models, and at least four deployment models.

Characteristics are as follows:

On-demand self-service: a cloud consumer can unilater-
ally provision computing capabilities, such as server time
and network storage, as needed automatically without
requiring human interaction with the service’s provider.

Broad network access: capabilities are available over a
network and accessed through standard mechanisms that
promote use by heterogeneous thin or thick client platforms
(e.g., mobile phones, laptops, and PDAs).

Resource pooling: the provider’s computing resources are
pooled to serve multiple consumers using a multi-tenant
model, with different physical and virtual resources dynami-
cally assigned and reassigned according to demand. There is
a sense of location independence in that the consumer
generally has no control or knowledge over the exact
location of the provided resources but may be able to specify
location at a higher level of abstraction (e.g., country, state,
or datacenter).

Rapid elasticity: capabilities can be rapidly and elastically
provisioned, in some cases automatically, to quickly scale
out and rapidly released to quickly scale in. To the consumer,
the capabilities available for provisioning often appear to be
unlimited and can be purchased in any quantity at any time.

Measured service: cloud systems automatically control
and optimize resource use by leveraging a metering capa-
bility at some level of abstraction appropriate to the type of
service (e.g., storage, processing, bandwidth, and active user
accounts). Resource usage can be monitored, controlled, and
reported providing transparency for both the provider and
consumer of the utilized service.

Service Models are as follows:

Software as a Service (SaaS): the capability provided to
the consumer is to use the provider’s applications running on
a cloud infrastructure. The applications are accessible from
various client devices through a thin client interface such as
a web browser (e.g., web-based email). The consumer does
not manage or control the underlying cloud infrastructure
including network, servers, operating systems, storage, or
even individual application capabilities, with the possible
exception of limited user-specific application configuration
settings.

Platform as a Service (PaaS): the capability provided to
the consumer is to deploy onto the cloud infrastructure
consumer-created or acquired applications created using
programming languages and tools supported by the provider.
The consumer does not manage or control the underlying
cloud infrastructure including networks, servers, operating
systems, or storage, but has control over the deployed
applications and possibly application hosting environment
configurations.

Infrastructure as a Service (laaS): the capability provided
to the consumer is to provision processing, storage, net-
works, and other fundamental computing resources where
the consumer is able to deploy and run arbitrary software,
which can include operating systems and applications. The
consumer does not manage or control the underlying cloud
infrastructure but has control over operating systems, stor-
age, deployed applications, and possibly limited control of
select networking components (e.g., host firewalls).
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Deployment Models are as follows:

Private cloud: the cloud infrastructure is operated solely
for an organization. It may be managed by the organization
or a third party and may exist on-premises or off-premises.

Community cloud: the cloud infrastructure is shared by
several organizations and supports a specific community that
has shared concerns (e.g., mission, security requirements,
policy, and compliance considerations). It may be managed
by the organizations or a third party and may exist on-
premises or off-premises.

Public cloud: the cloud infrastructure is made available to
the general public or a large industry group and is owned by
an organization selling cloud services.

Hybrid cloud: the cloud infrastructure is a composition of
two or more clouds (private, community, or public) that
remain unique entities but are bound together by standard-
ized or proprietary technology that enables data and appli-
cation portability (e.g., cloud bursting for loadbalancing
between clouds).

A cloud computing environment is service oriented with
a focus on statelessness, low coupling, modularity, and
semantic interoperability. At the heart of cloud computing is
an infrastructure comprising a network of interconnected
nodes. One such node is node 10 depicted in FIG. 6.

Computing node 10 is only one example of a suitable
cloud computing node and is not intended to suggest any
limitation as to the scope of use or functionality of embodi-
ments of the invention described herein. Regardless, cloud
computing node 10 is capable of being implemented and/or
performing any of the functionality set forth hereinabove.

Referring now to FIG. 6, illustrative cloud computing
environment 50 is depicted. As shown, cloud computing
environment 50 comprises one or more computing nodes 10
with which local computing devices used by cloud consum-
ers, such as, for example, smartphone or other mobile device
54A, desktop computer 54B, laptop computer 54C, and/or
automobile computer system 54N may communicate. Nodes
10 may communicate with one another. They may be
grouped (not shown) physically or virtually, in one or more
networks, such as Private, Community, Public, or Hybrid
clouds as described hereinabove, or a combination thereof.
This allows cloud computing environment 50 to offer infra-
structure, platforms and/or software as services for which a
cloud consumer does not need to maintain resources on a
local computing device. It is understood that the types of
computing devices 54A-N shown in FIG. 6 are intended to
be illustrative only and that computing nodes 10 and cloud
computing environment 50 can communicate with any type
of computerized device over any type of network and/or
network addressable connection (e.g., using a web browser).

Referring now to FIG. 7, a set of functional abstraction
layers provided by cloud computing environment 50 (FIG.
6) is shown. It should be understood in advance that the
components, layers, and functions shown in FIG. 7 are
intended to be illustrative only and embodiments of the
invention are not limited thereto. As depicted, the following
layers and corresponding functions are provided:

Hardware and software layer 60 includes hardware and
software components. Examples of hardware components
include mainframes 61; RISC (Reduced Instruction Set
Computer) architecture based servers 62; servers 63; blade
servers 64; storage devices 65; and networks and networking
components 66. In some embodiments, software compo-
nents include network application server software 67 and
database software 68.

Virtualization layer 70 provides an abstraction layer from
which the following examples of virtual entities may be
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provided: virtual servers 71; virtual storage 72; virtual
networks 73, including virtual private networks; virtual
applications and operating systems 74; and virtual clients
75.

In one example, management layer 80 may provide the
functions described below. Resource provisioning 81 pro-
vides dynamic procurement of computing resources and
other resources that are utilized to perform tasks within the
cloud computing environment. Metering and Pricing 82
provide cost tracking as resources are utilized within the
cloud computing environment, and billing or invoicing for
consumption of these resources. In one example, these
resources may comprise application software licenses. Secu-
rity provides identity verification for cloud consumers and
tasks, as well as protection for data and other resources. User
portal 83 provides access to the cloud computing environ-
ment for consumers and system administrators. Service level
management 84 provides cloud computing resource alloca-
tion and management such that required service levels are
met. Service Level Agreement (SLA) planning and fulfill-
ment 85 provide pre-arrangement for, and procurement of,
cloud computing resources for which a future requirement is
anticipated in accordance with an SLA.

Workloads layer 90 provides examples of functionality
for which the cloud computing environment may be utilized.
Examples of workloads and functions which may be pro-
vided from this layer include: mapping and navigation 91;
software development and lifecycle management 92; virtual
classroom education delivery 93; data analytics processing
94; transaction processing 95; and cognitive system pro-
cessing 96.

The present invention may be a system, a method, and/or
a computer program product at any possible technical detail
level of integration. The computer program product may
include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present
invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but is not limited to, an
electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
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for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface in each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage in a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, con-
figuration data for integrated circuitry, or either source code
or object code written in any combination of one or more
programming languages, including an object oriented pro-
gramming language such as Smalltalk, C++, or the like, and
procedural programming languages, such as the “C” pro-
gramming language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, in order to
perform aspects of the present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
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apparatus or other device to produce a computer imple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion of instructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted in the blocks may occur out of the order
noted in the Figures. For example, two blocks shown in
succession may, in fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer
instructions.

In addition to the above, one or more aspects may be
provided, offered, deployed, managed, serviced, etc. by a
service provider who offers management of customer envi-
ronments. For instance, the service provider can create,
maintain, support, etc. computer code and/or a computer
infrastructure that performs one or more aspects for one or
more customers. In return, the service provider may receive
payment from the customer under a subscription and/or fee
agreement, as examples. Additionally or alternatively, the
service provider may receive payment from the sale of
advertising content to one or more third parties.

In one aspect, an application may be deployed for per-
forming one or more embodiments. As one example, the
deploying of an application comprises providing computer
infrastructure operable to perform one or more embodi-
ments.

As a further aspect, a computing infrastructure may be
deployed comprising integrating computer readable code
into a computing system, in which the code in combination
with the computing system is capable of performing one or
more embodiments.

As yet a further aspect, a process for integrating comput-
ing infrastructure comprising integrating computer readable
code into a computer system may be provided. The com-
puter system comprises a computer readable medium, in
which the computer medium comprises one or more
embodiments. The code in combination with the computer
system is capable of performing one or more embodiments.

Although various embodiments are described above,
these are only examples. For example, computing environ-
ments of other architectures can be used to incorporate and
use one or more embodiments.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting. As used herein, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising”,
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
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one or more other features, integers, steps, operations,
elements, components and/or groups thereof.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements in the
claims below, if any, are intended to include any structure,
material, or act for performing the function in combination
with other claimed elements as specifically claimed. The
description of one or more embodiments has been presented
for purposes of illustration and description, but is not
intended to be exhaustive or limited to in the form disclosed.
Many modifications and variations will be apparent to those
of ordinary skill in the art. The embodiment was chosen and
described in order to best explain various aspects and the
practical application, and to enable others of ordinary skill
in the art to understand various embodiments with various
modifications as are suited to the particular use contem-
plated.

What is claimed is:

1. A computer-implemented method comprising:

obtaining flight data of a plurality of aircraft flights and

classifying the flight data according to a plurality of
categories;
acquiring current flight parameters from a plurality of
devices of an aircraft during an in-process flight;

comparing the acquired current flight parameters to the
classified flight data and identifying one or more pre-
ferred actions to take and preferred flight parameter
values for the in-process flight given current conditions
of the aircraft and surrounding environment as reflected
by the acquired current flight parameters, wherein the
comparing and identifying are performed in real-time
during the in-process flight, and wherein the identifying
comprises applying pre-set thresholds in identifying
whether correlations exist between the acquired flight
parameters and the classified flight data, wherein
exceeding a pre-set threshold indicates situational cor-
relation between the in-process flight, as characterized
by the current flight parameters, and a situation indi-
cated by the acquired classified flight data;

presenting the preferred flight parameter values sorted by
importance and applicability to a crew of the aircraft,
and

implementing an adjustment to one or more devices of the

aircraft to achieve at least one preferred flight param-
eter value of the preferred flight parameter values,
wherein the implementing is preformed based on the
presenting and on receiving a selection from one or
more crew members to implement the adjustment.

2. The method of claim 1, wherein the preferred flight
parameter values are indicative of best practices based on
the experience and prior actions of pilots, and on sensor
information, during prior-experienced flight scenarios.

3. The method of claim 1, further comprising processing
the flight data of the plurality of aircraft flights by a
cognitive engine to build a knowledge database having
information informing of a plurality of preferred actions and
preferred flight parameters in a plurality of flight scenarios.

4. The method of claim 3, further comprising recording
pilot actions in emergency situations in the form of recorded
flight data, wherein at least some of the processed flight data
comprises the recorded pilot actions and at least some of the
preferred actions include the recorded pilot actions.

5. The method of claim 3, wherein the comparing the
acquired current flight parameters to the classified flight data
compares the acquired current flight parameters against the
information in the knowledge database for similarities
between the current flight parameters and flight scenarios
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reflected in the information, to identify the preferred flight
parameter values for the in-process flight.

6. The method of claim 5, further comprising:

assigning weights to flight parameter values of the infor-

mation in the knowledge database;

correlating the acquired current flight parameters to the

weighted flight parameter values in the knowledge
database;
establishing weights for the acquired current flight param-
eters based on the weights of the correlated weighted
flight parameter values in the knowledge database; and

determining whether the weights of the weighted acquired
current flight parameters exceed the pre-set thresholds
in correlating the acquired current flight parameters to
the flight parameter values in the knowledge database,
wherein the identifying the preferred actions and pre-
ferred flight parameters and the presenting the preferred
flight parameter values is performed based on the
weighted acquired current flight parameters exceeding
the pre-set thresholds.

7. The method of claim 6, further comprising providing
configuration settings for expert users to adjust the weights
and baseline settings for values in the knowledge database.

8. The method of claim 6, wherein the one or more
thresholds are selected based on at least one selected from
the group consisting of: a type of flight, type of aircraft, and
a type of route.

9. The method of claim 3, wherein the classitying accord-
ing to the plurality of categories classifies by at least one
selected from the group consisting of: sensor type, aircraft
model, flight route, weather, and pilot actions.

10. The method of claim 1, wherein the plurality of
devices of the aircraft comprise aircraft sensors and one or
more aircraft computer systems, wherein the preferred flight
parameter values indicate pilot actions in controlling the
aircraft, and wherein the method further comprises process-
ing the classified data to discard data values of the obtained
flight data and obtain the knowledge database information.

11. The method of claim 10, further comprising archiving
at least some of the flight data to a prespecified database
based on a plurality of parameters.

12. The method of claim 11, wherein the at least some of
the flight data is archived based on suggestions presented by
a cognitive engine.

13. The method of claim 1, further comprising providing
indications of the one or more preferred actions to take and
the preferred flight parameter values to flight simulator
software to indicate pilot best practices to take during
simulated flight scenarios.

14. A computer system comprising:

a memory; and

a processor in communication with the memory, wherein

the computer system is configured to perform a method

comprising:

obtaining flight data of a plurality of aircraft flights and
classifying the flight data according to a plurality of
categories;

acquiring current flight parameters from a plurality of
devices of an aircraft during an in-process flight;

comparing the acquired current flight parameters to the
classified flight data and identifying one or more
preferred actions to take and preferred flight param-
eter values for the in-process flight given current
conditions of the aircraft and surrounding environ-
ment as reflected by the acquired current flight
parameters, wherein the comparing and identifying
are performed in real-time during the in-process
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flight, and wherein the identifying comprises apply-
ing pre-set thresholds in identifying whether corre-
lations exist between the acquired flight parameters
and the classified flight data, wherein exceeding a
pre-set threshold indicates situational correlation
between the in-process flight, as characterized by the
current flight parameters, and a situation indicated by
the acquired classified flight data;

presenting the preferred flight parameter values sorted
by importance and applicability to a crew of the
aircraft, and

implementing an adjustment to one or more devices of
the aircraft to achieve at least one preferred flight
parameter value of the preferred flight parameter
values, wherein the implementing is preformed
based on the presenting and on receiving a selection
from one or more crew members to implement the
adjustment.
15. The computer system of claim 14, wherein the method
further comprises processing the flight data of the plurality
of aircraft flights by a cognitive engine to build a knowledge
database having information informing of a plurality of
preferred actions and preferred flight parameters in a plu-
rality of flight scenarios.
16. The computer system of claim 15, wherein the method
further comprises recording pilot actions in emergency
situations in the form of recorded flight data, wherein at least
some of the processed flight data comprises the recorded
pilot actions and at least some of the preferred actions
include the recorded pilot actions.
17. The computer system of claim 15, wherein the com-
paring the acquired current flight parameters to the classified
flight data compares the acquired current flight parameters
against the information in the knowledge database for simi-
larities between the current flight parameters and flight
scenarios reflected in the information, to identify the pre-
ferred flight parameter values for the in-process flight.
18. The computer system of claim 17, wherein the method
further comprises:
assigning weights to flight parameter values of the infor-
mation in the knowledge database;
correlating the acquired current flight parameters to the
weighted flight parameter values in the knowledge
database;
establishing weights for the acquired current flight param-
eters based on the weights of the correlated weighted
flight parameter values in the knowledge database; and
determining whether the weights of the weighted acquired
current flight parameters exceed the pre-set thresholds
in correlating the acquired current flight parameters to
the flight parameter values in the knowledge database,
wherein the identifying the preferred actions and pre-
ferred flight parameters and the presenting the preferred
flight parameter values is performed based on the
weighted acquired current flight parameters exceeding
the pre-set thresholds.
19. A computer program product comprising:
a computer readable storage medium readable by at least
one processor and storing instructions for execution by
the at least one processor for performing a method
comprising:
obtaining flight data of a plurality of aircraft flights and
classifying the flight data according to a plurality of
categories;

acquiring current flight parameters from a plurality of
devices of an aircraft during an in-process flight;
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comparing the acquired current flight parameters to the
classified flight data and identifying one or more
preferred actions to take and preferred flight param-
eter values for the in-process flight given current
conditions of the aircraft and surrounding environ-
ment as reflected by the acquired current flight
parameters, wherein the comparing and identifying
are performed in real-time during the in-process
flight, and wherein the identifying comprises apply-
ing pre- set thresholds in identifying whether corre-
lations exist between the acquired flight parameters
and the classified flight data, wherein exceeding a
pre-set threshold indicates situational correlation
between the in-process flight, as characterized by the
current flight parameters, and a situation indicated by
the acquired classified flight data;

presenting the preferred flight parameter values sorted
by importance and applicability to a crew of the
aircraft, and

implementing an adjustment to one or more devices of
the aircraft to achieve at least one preferred flight
parameter value of the preferred flight parameter
values, wherein the implementing is preformed
based on the presenting and on receiving a selection
from one or more crew members to implement the
adjustment.

20. The computer program product of claim 19, wherein
the method further comprises processing the flight data of
the plurality of aircraft flights by a cognitive engine to build
a knowledge database having information informing of a
plurality of preferred actions and preferred flight parameters
in a plurality of flight scenarios.
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21. The computer program product of claim 20, wherein
the method further comprises recording pilot actions in
emergency situations in the form of recorded flight data,
wherein at least some of the processed flight data comprises
the recorded pilot actions and at least some of the preferred
actions include the recorded pilot actions.

22. The computer program product of claim 20, wherein
the comparing the acquired current flight parameters to the
classified flight data compares the acquired current flight
parameters against the information in the knowledge data-
base for similarities between the current flight parameters
and flight scenarios reflected in the information, to identify
the preferred flight parameter values for the in-process flight.

23. The computer program product of claim 22, wherein
the method further comprises:

assigning weights to flight parameter values of the infor-

mation in the knowledge database;

correlating the acquired current flight parameters to the

weighted flight parameter values in the knowledge
database;
establishing weights for the acquired current flight param-
eters based on the weights of the correlated weighted
flight parameter values in the knowledge database; and

determining whether the weights of the weighted acquired
current flight parameters exceed the pre-set thresholds
in correlating the acquired current flight parameters to
the flight parameter values in the knowledge database,
wherein the identifying the preferred actions and pre-
ferred flight parameters and the presenting the preferred
flight parameter values is performed based on the
weighted acquired current flight parameters exceeding
the pre-set thresholds.

#* #* #* #* #*



